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(57) The present disclosure describes a new push-
button (509, 609, 300) incorporated into new circuit (500,
600) configurations of an improved intelligent electronic
device (100) ("IED"), for use in power substation control
systems. The new pushbutton is nonmechanical and
configured to control a breaker, or other type of substation
equipment (200), after an IED associated with the circuit
breaker, or other type of substation equipment, fails to

Intelligent electronic device with integrated pushbutton for use in power substation

operate. In an embodiment, the new pushbutton may be
a low-energy, membrane-type pushbutton. During nor-
mal operation, a microprocessor (101) within the IED op-
erates a solid-state device (507, 607)to control the oper-
ation of substation equipment. When the IED fails, man-
ually depressing the new pushbutton bypasses the IED
microprocessor (101) and manually controls the substa-
tion equipment (200) associated with the failed IED.
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Description
BACKGROUND
Field of the Invention

[0001] The present disclosure relates to power sub-
stations generally, and more particularly, to a new push-
button incorporated into new circuit configurations of an
improved intelligent electronic device ("IED") for use in
power substation control systems.

Discussion of Related Art

[0002] Power substations include primary equipment,
such as transformers, capacitor banks, and generators;
and secondary equipment, such as cables, switches, re-
lays, protective equipment, and control equipment. Pri-
mary equipment is located in the substation yard and
controlled via (fiber-optic and/or metallic) cables. Provid-
ing all weather protection and security for the control
equipment, a substation control house contains switch-
board panels, batteries, battery chargers, supervisory
control equipment, power-line carriers, meters, and re-
lays. Located within the control house, the switchboard
control panels contain meters, control switches, and re-
corders used to control the substation equipment, to send
power from one circuit to another, or to open or close
circuits when needed.

[0003] In the past, hundreds of discrete electro-me-
chanical and/or solid-state control devices were needed
to monitor and manage the operation of a single substa-
tion’s primary equipment. Recently, microprocessor-
based devices, called intelligent electronic devices
("IEDs"), have become popular, notonly because a single
IED can be programmed and configured to monitor and
manage a variety of substation equipment, but also be-
cause new substations constructed using IEDs cost less
to construct than substations constructed using electro-
mechanical and/or solid-state control devices. Properly
positioned and configured, an IED can receive and relay
status signals from primary equipment to a master com-
puter located in the control house. Additionally, an IED
can receive and relay command signals from the master
computer to the primary equipment. The large majority
of substation functions have been merged into the IED.
However, local control of substation equipment remains
problematic. This is due to the fact that the IED is nec-
essarily more complex and therefore has a lower relia-
bility that the simple mechanical pushbutton it replaces.
[0004] Problems arise when an IED fails, since trans-
mission of status signals from its associated primary
equipment and transmission of control signals from the
master computer to the associated primary equipment
stop. Manufactured to interrupt heavy power loads, me-
chanical pushbuttons tend to be heavy and bulky. A me-
chanical pushbutton is known to have been directly and
externally connected to the input/output terminals of an
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IED. Such a configuration is problematic on several lev-
els. Not only is the mechanical pushbutton a significant
proportion of the size of the IED itself, but also the me-
chanical pushbutton is capable of interrupting thirty or
more amps of current. Such a pushbutton is too large
and cumbersome to be easily incorporated into an IED.
[0005] What is needed is a new, non-mechanical,
pushbutton that easily integrates within an IED, handles
only a small amount of current (e.g., less than one amp),
and is configured to control substation equipment if the
IED fails.

BRIEF DESCRIPTION

[0006] The present disclosure describes a new push-
button incorporated into new circuit configurations of an
improved intelligent electronic device ("IED") for use in
power substation control systems. In an embodiment,
the pushbutton is failsafe. It may also be configured to
prevent its accidental or unauthorized activation. The
new pushbutton is non-mechanical and configured to
control a circuit breaker, or other type of substation equip-
ment, after an IED associated with the circuit breaker, or
other type of substation equipment, malfunctions. In an
embodiment, the new pushbutton may be a low-energy,
membrane-type pushbutton. During normal operation, a
microprocessor within the IED operates a solid-state de-
vice to control the operation of substation equipment.
When the IED malfunctions, the new pushbutton can be
manually operated to bypass a relay normally controlled
by the IED microprocessor. In this manner, the substation
equipment associated with the failed IED can be manu-
ally operated. Since the new pushbutton utilizes a solid-
state output device and handles a small amount of cur-
rent, it would not be viable if simply connected with the
output terminals of a conventional IED. In an embodi-
ment, a solid-state switch is a non-limiting example of a
solid-state device.

[0007] Advantages afforded by embodiments of the
new pushbutton are: that it is smaller than a mechanical
pushbutton; that it is easily integrated as part of an IED,
rather than being externally affixed thereto; that it pro-
vides a high availability (meaning the pushbutton can be
activated even if the IED into which it is incorporated
fails); and that it carries less than an amp of current. Since
the new pushbutton does not need to directly interrupt
significant amounts of current flowing to substation
equipment, it can be inexpensively manufactured and
procured.

[0008] Inanembodiment, animproved intelligent elec-
tronic device for controlling power substation equipment
includes a microprocessor, a pushbutton, and a solid-
state device. The solid-state device is coupled with the
microprocessor, the pushbutton, and an output terminal
of the intelligent electronic device. The solid-state device
is further configured to be operated by the pushbutton
when the microprocessor fails to operate.

[0009] In another embodiment, an apparatus includes
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a microprocessor, an input terminal, an output terminal,
a pair of spaced-apart button contacts (one of which is
coupled with the input terminal), a solid-state device, a
first relay, a second relay, and a pushbutton. The solid-
state device is electrically coupled with the first and sec-
ond relays and with the output terminal. The first relay is
coupled between the input terminal and a gate of the
solid-state device. Additionally, the first relay is config-
ured to be open unless closed by the microprocessor.
The second relay is coupled between the gate of the sol-
id-state device and a second of the pair of spaced-apart
button contacts. Additionally, the second relay is config-
ured to be closed unless opened by the microprocessor.
The pushbutton is configured to electrically contact the
pair of spaced-apart button contacts.

[0010] Other features and advantages of the disclo-
sure will become apparent by reference to the following
description taken in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a more complete understanding of the new
pushbutton incorporated into new circuit configurations
of an improved intelligent electronic device ("IED"), and
the advantages thereof, reference is now made to the
following descriptions provided by way of example only
taken in conjunction with the accompanying drawings, in
which:

[0012] Figure 1 is a schematic of illustrating an em-
bodiment of internal circuitry of an intelligent electronic
device ("IED");

[0013] Figure 2 is another schematic of the new IED
circuitry of Figure 1 illustrating operation of the circuit
when one of the two pushbuttons is manually activated;
[0014] Figure 3 is another schematic of the new IED
circuitry of Figure 1 illustrating operation of the circuit
when the other of the two pushbuttons is manually acti-
vated; and

[0015] Figure 4 is an enlarged view of the new push-
buttons shown in Figures 1, 2, and 3.

[0016] Like reference characters designate identical
or corresponding components and units throughout the
several views.

DETAILED DESCRIPTION

[0017] Figure 1is a schematic of an embodiment of an
improved intelligent electronic device ("IED") 100 having
at least one new pushbutton 509 and/or 609 integrated
therein. Small, inexpensive, and low-energy, the new
pushbuttons 509,609 carry only small amounts of cur-
rent, provide high availability, are reliable, and are easily
operated. The new pushbuttons 509,609 and the circuit
(s) 500,600 to which they are connected are means for
manually operating power equipment when a microproc-
essor 101 within the IED 100 malfunctions.

[0018] Animproved IED 100 that integrates new push-
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buttons 509,609 can be used in any suitable application,
a non-limiting example of which is an electrical power
substation. lllustratively, an improved IED configured to
monitor and/or control substation primary and/or second-
ary equipment may be installed within a power substation
control house. A non-limiting example of substation
equipment that may be monitored and/or controlled by
an |IED is a circuit breaker. Of course, embodiments of
the improved IED may be configured to monitor and/or
control other types of power equipment, and may be in-
stalled in other types of indoor and/or outdoor locations.
[0019] Referring to Figure 1, an embodiment of an im-
proved IED 100 includes a microprocessor 101, a first
circuit 500, a second circuit 600, input terminals 501,601,
and output terminals 502,602. The microprocessor is
configured to control the current flow and voltage levels
in the first circuit 500 and in the second circuit 600. The
first circuit 500 controls an opening of a circuit breaker,
a motor-operated switch, or other type of substation
equipment. The second circuit 600 controls a closing of
the circuit breaker, the motor-operated switch, or other
type of substation equipment. In Figure 1 (and also in
Figures 2 and 3), opposing parallel lines generally depict
a normally open switch. Opposing parallel lines through
which a sloping line is drawn generally depict a normally
closed switch.

[0020] Referring againto Figure 1, a power source 400
connected to the IED input terminals 501, 601 provides
current necessary to operate the IED. The power source
400 may be one or more power substation batteries, one
or more fuel cells, a generator, and the like that are ca-
pable of producing power in the illustrative range of about
125 Volts to about 250 Volts DC. Substation equipment
200 that will be monitored and/or controlled by the im-
proved IED 100 is connected to the IED output terminals
502,602. The substation equipment 200 includes first
switch 201 that connects to the IED output terminal 501.
The first switch 201 is closed when the substation equip-
ment 200 is closed, and opens when the substation
equipment200is open. Atrip coil 202 connected between
the first switch and the power source 400 trips (e.g.,
throws open) a circuit breaker (not shown) when a voltage
received from the IED 100 across the output terminal 501
and the first switch 201 exceeds a predetermined thresh-
old trip voltage.

[0021] The substation equipment 200 further includes
a second switch 203 that connects to the IED output ter-
minal 602. The second switch 203 is closed when the
substation equipment is open, and opens when the sub-
station equipment is closed. A close coil 204 connected
between the second switch 203 and the power source
400 closes the circuit breaker (not shown) when a voltage
received from the IED 100 across the output terminal 602
and the second switch 203 exceeds a predetermined
threshold close voltage. At any given time, at least one
of the first switch 201 and the second switch 202 will be
open.

[0022] As mentioned above, the IED 100 includes two
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circuits 500,600. These circuits 500,600 may have iden-
tical components and configurations. lllustratively, the
circuit 500 includes an input terminal 501, an output ter-
minal 502, pair of spaced-apart button contacts 503, an
LED 504, a first relay 505, a solid-state device gate 506,
a solid-state device 507, a second relay 508, a new push-
button 509, a first resistor R1, a second resistor R2, and
a node 510 between the resistors R1 and R2 to which
the first and second relays 505, 508 are electrically cou-
pled. The values of R1 and R2 are chosen so that an
appropriate, predetermined gate voltage Vg is produced
at the node 510, and applied to the gate 506 of the solid-
state device 507.

[0023] Similarly, the circuit 600 includes an input ter-
minal 601, an output terminal 602, pair of spaced-apart
button contacts 603, an LED 604, afirstrelay 605, a solid-
state device gate 606, a solid-state device 507, a second
relay 608, a new pushbutton 609, a first resistor R3, a
secondresistor R4, and anode 610 between the resistors
R3 and R4 to which the first and second relays 605, 608
are electrically coupled. The values of R3 and R4 are
chosen so that an appropriate, predetermined gate volt-
age Vg is produced at the node 610, and applied to the
gate 606 of the solid-state device 607.

[0024] The IED microprocessor 101 is coupled with
relays 505 and 508 in circuit 500, and with relays 605
and 608 in circuit 600. When the new pushbutton 509
and the new pushbutton 609 are both in a first unpushed
position, the microprocessor 101 holds relays 505, 605
closed and holds the relays 508,608 open. If the micro-
processor fails, the relays 507,607 default to open posi-
tions, and the relays 508,608 default to closed positions.
Additionally, during normal operation, the microproces-
sor operates the solid-state devices 507, 607 by opening
and closing the relays 505,605, respectively. In an em-
bodiment, each of the solid-state devices 507,607 may
be a triac.

[0025] Referring to Figure 1, illustrative current paths
in the circuit 500 are described. Power source 400 pro-
vides current i, which enters the circuit 500 via the input
terminal 501. From the input terminal 501, the current
flows through and illuminates the LED 504, provided re-
lay 505 is open. After leaving the LED 504, the current
flows through the series of resistors R1 and R2, and then
exits the circuit 500 via the output terminal 502.

[0026] A different current path arises when the micro-
processor 101 closes the relay 505. In this situation, at
time T1, the current enters the circuit 500 via the input
terminal 501. From the input terminal 501, the current
flows across the closed relay 505 and to a node posi-
tioned between the series resistors R1 and R2. R1 will
typically be 500 to 1000 times larger than R2, allowing
the LED to provide indication but preventing the LED cur-
rent from turning-on the device. A person of ordinary skill
in the art will appreciate that the actual resistance values
of R1 and R2 will vary depending on the type of solid-
state device 507 used. Accordingly, the resistance values
of R1 and R2 should be selected to generate the partic-

10

15

20

25

30

35

40

45

50

55

ular value of gate voltage Vg required to operate the solid-
state device 507. Some current flows through the resistor
R2 and exits the circuit 500 via the output terminal 502.
The current flowing through the resistor R2 creates the
gate voltage Vg at the node 510 positioned between the
series resistors R1 and R2. At time T2, the applied gate
voltage activates the solid-state device 507 so that the
resistance of the switch becomes essentially zero. This
causes the bulk of the current thereafter entering the cir-
cuit 500 via the input terminal 501 flows across the solid-
state device 507. The circuit comprised of the resistors
R1,R2 provides a signal at the level required to allow the
button 509 to turn-on the solid-state switch and to allow
the LED 504 to provide indication of the state of the equip-
ment 200. In effect, this circuit creates alow power source
for control of the LED 504 and solid-state switch 507 that
is derived from the same source 400 that is controlling
the equipment 200. Other embodiments of this circuit are
possible.

[0027] Although the internal resistance of the solid-
state device 507 is less than the resistances of the re-
sistors R1,R2, individually and/or combined, the in-
creased current flow across the solid-state device 507
significantly increases the voltage received at the output
terminal 502. When this increased voltage reaches the
trip coil 202, the trip coil de-latches the mechanism of the
substation equipment 200 causing a change in the state
of substation equipment 200. This in turn opens the relay
201. In one embodiment, the substation equipment is a
circuit breaker that trips when the trip coil 202 activates
in response to receiving the increased voltage described
above.

[0028] Referring to Figures 1 and 3, illustrative current
paths in the circuit 600 are described. Power source 400
provides current i, which enters the circuit 600 via the
input terminal 601. From the input terminal 601, the cur-
rent flows through and illuminates the LED 604, provided
relay 605 is open. After leaving the LED 604, the current
flows through the series of resistors R3 and R4, and then
exits the circuit 600 via the output terminal 602.

[0029] A different current path arises when the micro-
processor 101 closes the relay 605. In this situation, at
time T1, the current enters the circuit 600 via the input
terminal 601. From the input terminal 601, the current
flows across the closed relay 605 and to a node posi-
tioned between the series resistors R3 and R4. R3 will
typically be 500 to 1000 times larger than R4, Allowing
the LED to provide indication but preventing the LED cur-
rent from turning-on the device. A person of ordinary skill
in the art will appreciate that the actual resistance values
of R3 and R4 will vary depending on the type of solid-
state device 607 used. Accordingly, the resistance values
of R3 and R4 should be selected to generate the partic-
ular value of gate voltage Vg required to operate the solid-
state device 607. Some current flows through the resistor
R3 and exits the circuit 600 via the output terminal 602.
The current flowing through the resistor R2 creates the
gate voltage Vg at the node 610 positioned between the
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series resistors R3 and R4. At time T2, the applied gate
voltage activates the solid-state device 607 so that the
bulk of the current thereafter entering the circuit 600 via
the input terminal 601 flows across the solid-state device
607. Because the internal resistance of the solid-state
device 607 is less than the resistances of the resistors
R3 and R4, individually and/orin combination, the current
flow across the solid-state device 607 significantly in-
creases the voltage received at the output terminal 602.
When this increased voltage reaches the close coil 604,
the close coil opens the relay 603, causing a change in
the operation of the substation equipment 200. In one
embodiment, the substation equipment is a circuit break-
er that closes when the close coil 604 activates in re-
sponse to receiving the increased voltage described
above.

[0030] Figure 2 reproduces the schematic of Figure 1,
but shows the new pushbutton 509 in a second (pushed-
in) position that places a part of the new pushbutton 509
into electrical contact with both of a pair of spaced-apart
button contacts 503. When the new pushbutton 509 oc-
cupies the second position shown in Figure 2, a current
path is created that bypasses a relay that the microproc-
essor operates to control the solid-state device. lllustra-
tively, relay 505 is the microprocessor-controlled relay
that is bypassed. Referring again to Figure 2, atleast one
of the pair of spaced-apart button contacts 503 is coupled
with the input terminal 501. If the microprocessor 101
malfunctions, the new pushbutton 509 can be manually
pushed to operate the relay 505 within the circuit 500 to
cause a change in the operation of the substation equip-
ment 200.

[0031] Referring to the circuit 500, when the new push-
button 509 is depressed to contact the pair of spaced-
apart button contacts, 503, current drawn from the power
source 400 passes through the inputterminal 501, across
the new pushbutton 509, and across the closed relay 508
(which defaults to a closed position whenever the micro-
processor 101 malfunctions) to reach the node 510 be-
tween the resistors R1 and R2. Thereafter, the gate volt-
age Vg is created at the node 510 to operate the solid-
state device 507 and trip the trip coil 202, as described
above.

[0032] Figure 3 reproduces the schematic of Figures
1 and 2, but shows the new pushbutton 609 in a second
(pushed-in) position that places a part of the new push-
button 609 into electrical contact with both of a pair of
spaced-apart button contacts 603. When the new push-
button 609 occupies the second position shown in Figure
2, acurrent path is created that bypasses arelay that the
microprocessor operates to control the solid-state de-
vice. lllustratively, relay 505 is the microprocessor-con-
trolled relay that is bypassed. Referring again to Figure
3, at least one of the pair of spaced-apart button contacts
603 is coupled with the input terminal 601. If the micro-
processor 101 malfunctions, the new pushbutton 609 can
be manually pushed to operate the relay 605 within the
circuit 600 to cause a change in the operation of the sub-
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station equipment 200.

[0033] Referring to the circuit 600, when the new push-
button 609 is depressed to contact the pair of spaced-
apart button contacts 603, current drawn from the power
source 400 passes through the inputterminal 601, across
the new pushbutton 609, and across the closed relay 608
(which defaults to a closed position whenever the micro-
processor 101 malfunctions) to reach the node 610 be-
tween the resistors R3 and R4. Thereafter, the gate volt-
age Vg is created at the node 610 to operate the solid-
state device 607 and activate the close coil 204, as de-
scribed above.

Figure 4 is an enlarged view of an embodiment of an
exemplary new low-energy, membrane pushbutton 300.
In Figure 4, the membrane 309 of the pushbutton 300 is
the bubble shape at the bottom of the drawing. Note that
the new pushbuttons 509 and 609 shown in Figures 1,
2,and 3, may have the identical or similar structure and/or
function as the new pushbutton 300.

[0034] Thus, a compact, low-energy, low cost push-
button may be integrated into an IED. As illustratively
depicted in Figures 1, 2, and 3, the pushbutton 509,609,
300 may be of a membrane-type. In alternative embod-
iments, other types of pushbutton 509, 609, 300 that are
simple, reliable, and have good environmental charac-
teristics may be used..

[0035] In addition to being a very simple device, em-
bodiments of the new pushbutton 509,609,300 can also
constructed to include a locking mechanism. In an em-
bodiment, the locking mechanism is an integrated key
switch or a cover that is padlock-able. New pushbutton
300 may be a low-energy, membrane pushbutton having
arigid, semi-rigid, or flexible membrane, and a rigid tube
301 that encloses the membrane pushbutton and that
houses a plunger assembly 302. The plunger assembly
302 may include a cylindrical top portion 303, a cylindrical
bottom portion 304, and a cylindrical shaft 305 that con-
nects the top portion 303 and the bottom portion 304.
The new pushbutton 300 may further include a spring
306 for restoring the plunger assembly 302 to its first
(non-depressed) position after the new pushbutton 300
is pushed to a second position and released. In an em-
bodiment, the second position places bottom portion 304
into physical contact with the membrane 309 to convey
current from an input terminal 501,601 across the pair of
pushbutton contacts 503,603 to the node 510,610 posi-
tioned between the series resistors R1,R2; R3,R4, re-
spectively.

[0036] Optionally, the new pushbutton 300 may be
configured to prevent moving the new pushbutton 300 to
the second position. For example, the rigid tube 301 may
include a hole 307 extending therethrough. The hole 307
is positioned to prevent the plunger assembly from reach-
ing the second position when an object is inserted within
the hole 307. For example, the hole 307 may be posi-
tioned between an upper end of the spring 304 and the
cylindrical upper portion 302 of the new pushbutton 300.
Thus, a hasp of a lock 308, or other object, may be in-
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serted through the hole 307 to prevent the new pushbut-
ton 300 from being pushed until needed.

[0037] The components and arrangements of the new
pushbutton incorporated into new circuit configurations
of an improved intelligent electronic device ("IED"),
shown and described herein are illustrative only. Al-
though only a few embodiments of the invention have
been described in detail, those skilled in the art who re-
view this disclosure will readily appreciate that substitu-
tions, modifications, changes and omissions may be
made in the design, operating conditions and arrange-
ment of the preferred and other exemplary embodiments
without departing from the spirit of the embodiments as
expressed in the appended claims. Accordingly, the
scopes of the appended claims are intended to include
all such substitutions, modifications, changes and omis-
sions.

Claims

1. An intelligent electronic device (100) for controlling
equipment (200), the intelligent electronic device
comprising:

a microprocessor (101);

a pushbutton (509,300);

a solid-state device (507) coupled with the mi-
croprocessor, the pushbutton, and an output ter-
minal of the intelligent electronic device, wherein
the solid-state device is configured to be oper-
ated by the pushbutton when the microproces-
sor fails to operate.

2. The intelligent electronic device (100) of claim 1,
wherein control power for operating the solid-state
device from the pushbutton is derived from a source
(400) that also controls the equipment.

3. The intelligent electronic device (100) of claim 1 or
claim 2, wherein the equipment is power substation
equipment.

4. The intelligent electronic device (100) of any one of
the preceding claims, wherein the pushbutton (509,
300) is movable between a first position and a sec-
ond position, the second position creating a current
path, that bypasses a relay (505,508) that the micro-
processor operates, to control the solid-state device.

5. The intelligent electronic device of any one of the
preceding claims, wherein the pushbutton (509, 300)
comprises:

a plunger assembly (302);

arigid tube (301) housing the plunger assembly;
and

a spring (306) configured to restore the plunger
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assembly to the first position after the plunger
assembly is released from the second position.

6. The intelligent electronic device (100) of claim 5,
wherein the pushbutton (509, 300) further compris-
es:

a membrane (309) coupled with the plunger as-
sembly.

7. The intelligent electronic device (100) of claim 5 or
claim 6, wherein the pushbutton (509, 300) further
comprises a hole (307) formed therethrough, where-
in the hole is positioned to prevent the plunger as-
sembly from reaching the second position when an
object is inserted within the hole.

8. The intelligent electronic device (100) of any one of
the preceding claims, wherein the pushbutton (509,
300) is configured to carry less than an amp of cur-
rent.

9. The intelligent electronic device (100) of any one of
the preceding claims, wherein the piece of equip-
ment (200) is a circuit breaker or a motor-operated
switch (201).

10. The intelligent electronic device (100) of any one of
the preceding claims, wherein the pushbutton (509,
300) is a low energy, membrane pushbutton.

11. An apparatus, comprising:

a microprocessor (101);

an input terminal (501, 601);

an output terminal (502, 602);

pair of spaced-apart button contacts (503, 603),
wherein one of the button contacts is coupled
with the input terminal;

afirstrelay (505, 605) coupled between the input
terminal and a gate of the solid-state device,
wherein the first relay is configured to be open
unless closed by the microprocessor;

a second relay (508, 608) coupled between the
gate of the solid-state device and a second of
the pair of spaced apart button contacts, wherein
the second relay is configured to be closed un-
less opened by the microprocessor;

a solid-state device (507, 607) electrically cou-
pled with the first and second relays and with
the output terminal;

and a pushbutton (509, 609) configured to elec-
trically contact the pair of spaced-apart button
contacts.

12. The apparatus of claim 11, wherein the pushbutton
(509, 609) is movable between a first position and a
second position, the second position causing the
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pushbutton to electrically contact the pair of spaced-
apart button contacts and create a current path that
bypasses the first relay and causes current from the
input terminal to flow across the solid-state device
to the output terminal.

13. The apparatus of claim 11 or claim 12, further com-
prising:

a first resistor (R1, R3);

a light emitting diode (504, 604) coupled be-
tween the input terminal and the first resistor;
a second resistor (R2, R4) in series with the first
resistor, wherein the second resistor is coupled
with the output terminal (502, 602), and wherein
each of a gate (506, 606) of the solid state de-
vice, the first relay, and the second relay is cou-
pled to a node (510, 610) between the first and
second resistors.

14. The apparatus of any one of claims 11 to 13, wherein
the pushbutton (509, 609) is configured to prevent
moving the pushbutton to the second position.
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